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Introduction
The high-lying multi-excited states of B-like ions have high orbital, spin, and angular momentum quantum numbers and are therefore complex five-electron atomic systems. Studying these systems will help us to understand better atomic structure, since five-electron system have complicated electronic correlation effects. Investigations on the spectra of B-like ions are of considerable interest for the study and modeling of high-temperature astrophysical and laboratory plasmas. Extensive experiments [1] [2] [3] [4] [5] [6] [7] and theoretical investigations [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [2] and flash pyrolysis technique [3] served to identify many new spectrum lines for neutral B. After that, Buchet [4] studied the spectrum of N 2+ and identified some newly observed lines with beam-foil technique. Later, the emission spectrum of doubly ionized nitrogen, N 2+ , has been studied by Michels [5] at high resolution in the extreme ultraviolet, from 150 to 500 Å and 87 new lines reported. Recently, D´ esesquelles [6] identified some far UV spectra of F 4+ ions using collision spectroscopy.
Theoretically, in 1995, Merkelis [8] studied the energy spectra and transitions in the B isoelectronic sequence (Z = 8-26) between the levels with configurations 2s 2 2p, 2s2p 2 and 2p 3 using the stationary second-order many-body perturbation theory (MBPT). In 1998, Safronova [9] obtained energies and fine structure splittings for the 2s [15, 16] , multi-channel R-Matrix method [17] , superstructure code [18] , and 1/Z perturbation theory method [19] . Most of the investigations on B-like ions are focused on low-lying excited states, a few on high-lying excited states.
In this work, the energy levels and transitions for the high-lying excited quartet states 1s 
Theory
In order to calculate the non-relativistic energy of the B-like ions, the basic wave function b Ψ can be written as
where A is the antisymmetrization operator, 
The angular and spin wave function can be simply represented by In order to saturate the functional space, the restricted variational method [25] 
The total energy is further improved by including the mass polarization effect and the relativistic corrections. The relativistic perturbation operators considered in this work are the corrections to the kinetic energy, the Darwin term, and the electron-electron contact term and orbit-orbit interaction. Explicit expressions of these operators are given in Ref. [26] , and they will not be repeated here.
The fine structure perturbation operators [25] 
where the spin-orbit, spin-other-orbit and spin-spin operators are The hyperfine structure of atomic energy levels is caused by the interaction between the electrons and the electromagnetic multipole moments of the nucleus. The leading terms of this interaction are the magnetic dipole and the electric-quadrupole moments. For an N-electron system, the hyperfine interaction Hamiltonian can be represented as follows [27] :
Where
（ ） are the spherical tensor operators of rank k in the electronic and nuclear spaces, respectively. The k = 1 term shows the magnetic-dipole interaction between the magnetic field generated by the electrons and nuclear magnetic-dipole moments, the k = 2 term representing the electric quadrupole interaction between the electric-field gradient from the electrons and the nonspherical charge distribution of the nucleus. The contributions from higher-order terms are much smaller and can be neglected. Hyperfine interaction couples electronic angular momentum J and nuclear angular momentum I to a total angular momentum F=I+J. The uncoupling and coupling hyperfine constants are defined in atomic units as [28] 5 3
and
[ ]
Where I µ is the nuclear magnetic moment. Q is the nuclear electric-quadrupole moment. To estimate QED effects and higher-order relativistic contributions for these multiexcited quartet states of B-like ions, the screened hydrogenic formulae have been used. The theories of screened hydrogenic have been discussed in detail elsewhere [29] . Finally, the QED effects and higher-order relativistic corrections are obtained by
.
Results and discussion
The high-lying excited quartet states of B-like ions are complex five-electron atomic systems and the correlation effects between the electrons are extremely complicated. There are several possibilities to couple each orbital angular and spin angular in total angular momentum. In order to get a high-quality wave function, the number of angular-spin components ranges in this work from 53 to 99, and the number of linear parameters ranges from 1545 to 3260. In the 4 P o states, which parity is odd, the important angular series
, and so on. In the 4 P e states, which parity is even, the important
, and so on. In this last case, the value of l goes from 1 to 6, since the energy contribution of the set with l > 6 is very small and it can be neglected. In order to saturate the wave functional space and improve the energy E b obtained from b Ψ , the restricted variational method is used to calculated energy contributions from each chosen angular-spin series. The total nonrelativistic energy is then obtained by adding the improvement from restricted variation RV E ∆ . Then, the nonrelativistic energy is given by b In Table 2 , the high-lying excited states of these B-like ions are numbered according to their positions in the series. The lowest is assigned as (1) . As it is shown in ions are presented in Table 3 . The relativistic energies of Table 2 are the centre-of-gravity energies.
The fine structure splittings are resulted from the effects of the spin-orbit, spin-other-orbit and spin-spin interaction. As Table 3 shows, the fine structure splittings in this work are in good agreement with other theoretical [9, 10, 13, 21] and experimental [5, 30] data. We also note that Figure 1 , the drastic changes of the fine-structure splittings at the 4 Figure 2 one can see that, the drastic changes of the fine-structure splittings of the even parity 4 P series for these systems are also reasonable according to the assignment of configuration structures in Table 2 . As described in Eqs.
(8-10), we note that the fine structure splitting depend on the orbital and spin angular moments, and the investigation of the fine structure splitting could be very useful to further checks of the configuration structures. Fermi contact a c, spin dipolar a sd , orbital a l, electric-quadrupole b q and hyperfine coupling constants: A J and B J are given. The nuclear spin I, the nuclear magnetic dipole moment µ I , and the electric-quadrupole moment Q of the B-like ions taken from Ref. [28] are listed in table 6. In Table 4 , we note that the absolute value of the hyperfine structure parameters of the high-lying Figure 3 , the Fermi contact a c is much larger and change faster than orbital parameter a l , and the absolute value of electric-quadrupole b q change much faster than spin dipolar a sd . As it is shown in 
Conclusion
In this work, the energy levels, fine structure, hyperfine structure, transitions of the high-lying Ref. [12] . Table 4 Hyperfine parameters (a.u.) and hyperfine coupling constants (GHz) for the multi-excited states 4 Ref. [7] . e Ref. [10] . f Ref. [20] . g Ref. [12] . 
